INTRODUCTION
============

For a diagnosis of spinal diseases, magnetic resonance imaging (MRI) is performed selectively on the cervical, thoracic, and lumbar spines according to each patient\'s symptoms and the results of a neurological examination. Because of the location-specific nature of conventional MRI studies, significant coexisting lesions in other areas can be missed.[@B1]-[@B3]

There have been a few reports about coexisting spinal lesions at cervical and lumbar spines.[@B4]-[@B8] However, no clinical study of whole spine MRI revealing the types and rate of occurrence of coexisting spinal lesions in degenerative spinal diseases has been reported. Recent improvements in MRI scanning and the use of recombined images made it possible to obtain sagittal images of the whole spine.[@B9],[@B10] In our hospital, whole spine sagittal T2-weighted images (WSST2I) have been added routinely to the area-specific spinal MRI protocol since January 2007.

The aims of our study were to determine the types and prevalence of various coexisting spinal lesions found on WSST2I acquired from the patients with surgical degenerative spinal diseases, and to evaluate the clinical significance of WSST2I as a primary diagnostic tool.

MATERIALS AND METHODS
=====================

Patients ([Table 1](#T1){ref-type="table"})
-------------------------------------------

This study was a retrospective review of 306 consecutive patients who were admitted to our hospital for surgery to treat degenerative spinal diseases, from January to December 2007. During this period, WSST2I was added routinely to the area-specific cervical, thoracic, and lumbar MRI protocol. We excluded patients with other than degenerative spinal diseases, such as spinal tumors, trauma, or infections. The area-specific spinal MRI was decided by spine surgeons, based on each patient\'s symptoms and a neurological examination. There were 146 male and 160 female patients with a mean age of 56.3 years (range 9-83). Lumbar MRI was performed on 252 patients, cervical MRI on 51, and thoracic MRI on 3.

Patients were divided into three different age groups to compare the prevalence of coexisting spinal lesions in other spinal regions: \< 40 years, 40-60 years, and \> 60 years. Primary spine lesions found on the area-specific MRI were classified into three common degenerative diseases: simple disc herniation (n = 186), degenerative spinal stenosis with spondyloarthropathy (n = 99), and ligament ossification disease (n = 21) including ossification of the posterior longitudinal ligament (OPLL) and ossified ligamentum flavum (OLF).

Evaluation of whole spine sagittal T2-weighted images (WSST2I)
--------------------------------------------------------------

MRI was performed with a 1.5-Tesla scanner and 16 channel spine matrix coil for whole spine image (Magnetom Avanto 1.5T; Siemens medical solutions, Erlangen, Germany). The cranial and caudal spinal regions were scanned to provide WSST2I, which were merged using the software syngo MR B15 (Siemens medical solutions, Erlangen, Germany).

A \"primary spine lesion\" was defined as one found on the initially dedicated area-specific MRI at primary diagnosis, and a \"coexisting spine lesion\" was defined as a lesion found in the other areas through WSST2I. The severity of coexisting spine lesions was classified into four grades (0-3) according to the degree of spinal canal compression identified by WSST2I. We used the modified criteria of Takahashi, et al.[@B11] to grade the degree of spinal canal compression ([Fig. 1](#F1){ref-type="fig"}): grade 0, no thecal sac compression (no coexisting lesion); grade 1, minimal subarachnoid space compression; grade 2, mild cord compression (thecal sac compression \< 50% in the lumbar area); and grade 3, moderate cord compression or cord signal change (thecal sac compression ≥ 50% in the lumbar area). Spinal tumors or other structural lesions that needed to be treated or closely observed were classified as grade 3. Lesions of grade 2 and 3 coexisting on other spinal areas were defined as \"meaningful coexisting spine lesions\" (MCSL).

The images were interpreted independently by an experienced neuroradiologist and a spine surgeon. The types and prevalence of the coexisting spine lesions identified on WSST2I were evaluated.

Statistical analysis
--------------------

The relationships between MCSL and patient\'s age, gender, and primary spine lesions were analyzed statistically using tests for trend, chi-squared tests, and Fisher\'s exact tests (SPSS version 12.0 for Windows, SPSS Inc., Chicago, IL, USA). *p* \< 0.05 was considered statistically significant.

RESULTS
=======

Grades of coexisting spine lesions
----------------------------------

There was no coexisting lesions on WSST2I (grade 0) in 107 of the 306 patients, (35.0%). Grade 1 lesions were found in 104 patients (34.0%). Lesions of grades 2 and 3 were found in 84 (27.5%) and 11 (3.6%) patients, respectively. Consequently, the overall prevalence of MCSL (grades 2 and 3) diagnosed by WSST2I was 31.1% (n = 95) ([Fig. 2](#F2){ref-type="fig"}).

Types and prevalence of meaningful coexisting spine lesions (MCSL)
------------------------------------------------------------------

For area-specific lumbar MRI scans, MCSL were found in the cervical spine of 62/251 patients (24.7%) and in the thoracic spine in 12 (4.8%). For cervical MRI, MCSL were found in the lumbar spine in 11/52 patients (21.2%), and in the thoracic spine in 7 (13.5%). For thoracic MRI, MCSL were found in all 3 patients (100%). The prevalence of thoracic MCSL was significantly higher in cervical MRI group than in lumbar MRI group (*p* = 0.012) ([Table 2](#T2){ref-type="table"}).

The most common types of MCSL were simple disc herniation with 13.1% of prevalence among the total 306 patients, followed by degenerative stenosis (9.5%) and the ligament ossification diseases including OPLL and OLF (6.8%). Other MCSL (1.6%) were intradural tumors, isthmic spondylolisthesis, os odontoideum, rheumatoid arthritis at the atlantoaxial area, and topping off at adjacent segment after instrumentation. The types and prevalence of MCSL are summarized in [Table 3](#T3){ref-type="table"}.

Meaningful coexisting spine lesions (MCSL) according to age, gender, and primary spine lesions
----------------------------------------------------------------------------------------------

MCSL were found in 4/46 of patients younger than 40 years (8.7%), while the other two age groups of 40-60 years and \> 60 years showed MCSL in 47/138 patients (34.1%) and 44/122 patients (36.1%), respectively. Among patients aged 40 years and older, the prevalence of MCSL was significantly higher than in younger patients (*p* = 0.004) ([Fig. 3A](#F3){ref-type="fig"}).

There were MCSL in 42/146 male patients (28.8%) and 46/160 female patients (28.8%). This was not significantly different ([Fig. 3B](#F3){ref-type="fig"}).

Prevalence of MCSL according to the primary spine lesions was analyzed. MCSL were found in 54/186 patients with disc herniation (29.0%), in 30/99 patients with degenerative spinal stenosis (30.3%), and in 11/21 patients with OPLL or OLF (52.4%). There was a statistically significant difference in the prevalence of MCSL between the patients with ligament ossification diseases and those with other degenerative groups such as disc herniation or degenerative stenosis (*p* = 0.036) ([Fig. 3C](#F3){ref-type="fig"}).

Surgically treated coexisting spine lesions
-------------------------------------------

Surgical treatment for the coexisting lesions was performed for 5/95 patients with MCSL (5.3%). A 78-year-old man with leg pain had a lumbar stenosis at L2-5 diagnosed by a lumbar MRI, and a cervical stenosis compressing the spinal cord at C6-7 was found by WSST2I. Both lesions were treated surgically ([Fig. 4](#F4){ref-type="fig"}). A 60-year-old man with left leg pain had a herniated lumbar disc at L5-S1 diagnosed by a lumbar MRI at another hospital and was treated surgically. However, his left leg pain continued after the operation, and a follow-up MRI including WSST2I showed an intradural extramedullary tumor at C4-5, which was treated surgically ([Fig. 5](#F5){ref-type="fig"}). A 68-year-old woman with pain in both legs had an isthmic spondylolisthesis at L4-5 diagnosed by a lumbar MRI, and at the same time an os odontoideum with cord compression was found by WSST2I. The os odontoideum was treated surgically before lumbar surgery. The other two 56 and 62-year-old man and woman with leg pain and walking difficulty showed severe cervical and lumbar stenosis. Both cervical and lumbar lesions were surgically managed.

For the other 90 patients with MCSL, conservative management or no treatment was used because the symptoms were minimal or absent. We recommended that the patients should visit our outpatient clinic if they experienced any new symptoms.

DISCUSSION
==========

The necessity of whole spine MRI has been advocated for the precise diagnosis and proper treatment of specific spinal diseases.[@B12]-[@B15] However, its routine use for the diagnosis of degenerative spinal diseases is controversial because it is seen as unnecessary and expensive requiring long scanning time for at least two different MRI studies: cervicothoracic and thoracolumbar scans. Recently, the development of coil systems for whole spine and image recombination software allowed the whole spine sagittal images to be obtained more conveniently.[@B9],[@B10] For WSST2I image, cervicothoracic and thoracolumbar sagittal T2 images are taken without changing the coil, and the two images can be easily recombined using software. In our institution, only an additional 5 minutes were required for making WSST2I compared to the previous MR scanning time.

The clinical use of this new MRI technique was first reported in 2001 for the evaluation of spinal scoliosis.[@B16],[@B17] However, no clinical study of such whole spine MRI in evaluating degenerative spinal diseases has been reported. In this study, WSST2I scans obtained routinely during area-specific MRI studies showed that MCSL were found in other spinal regions in 31.1% of the patients who needed surgical treatment for degenerative spinal diseases. This high prevalence rate of MCSL is important, as the symptoms might not improve much after surgery with coexisting spinal diseases.[@B1],[@B2] When cervical and lumbar lesions coexist, the symptoms from one lesion might be masked by dominant symptoms from the other.[@B7],[@B8] The dedicated area-specific MRI still being used popularly has the possibility of missing these symptomatic coexisting lesions. In our series, 5 out of 95 MCSL (5.3%) needed additional surgical treatment before or after the surgery of the primary lesion. Specific diseases such as spinal tumor and os odontoideum was also found, and their low prevalence cannot be overlooked because missing theses specific lesions can lead to serious neurological deficits such as paraplegia.[@B2],[@B3] WSST2I seems to be a useful imaging tool for preoperative diagnosis of coexisting lesions, or at least for confirming the absence of symptomatic coexistent lesions.

Asymptomatic MCSL that do not need specific treatment are also important because the patients might show delayed aggravation.[@B4] Bednarik, et al.[@B18] reported that in 19.7% of the patients with asymptomatic spondylotic cervical cord compression seen by MRI scans, myelopathy developed within at least 2 years of follow-up. We explained to the patients about the existence of MCSL and the possibility of symptomatic progression of these lesions. Most common MCSL was disc herniation, followed by spinal stenosis and ligament ossification diseases. Jacobs et al.[@B4] reported that over 31% of patients with cervical disc surgery had undergone lumbar disc surgery for averaging 14 years follow-up. It is reasonable to assume that as time passes many MCSL of our series will progress into symptomatic lesions that eventually need surgery. We think that educating the patient who has MCSL can be one of the doctor\'s meaningful roles. Spine surgeons can recommend the patients to reduce their body weight, to be careful in lifting the heavy materials, or to avoid dangerous sports activity.

There might be an opinion that single sagittal MR image is limited in identifying the severity of spinal stenosis, estimating the intrinsic spinal cord lesions or detecting the paraspinal lesions. We agree that both sagittal and axial images are mandatory for detail imaging study. However, WSST2I can be used to screen the major lesion invading the spinal canal or compressing the spinal cord, and once a MCSL is identified, a full area specific MR study should be undertaken. The other opinion against a routine WSST2I is that this approach to patient evaluation has the potential to cause an increase in surgery and other therapies that might not otherwise be deemed necessary. Nevertheless, identifying the lesion that really needs surgical decompression or close observation is another considerable factor. Usefulness of the WSST2I can be improved by careful initial neurological examinations and additional electrodiagnostic studies should be performed to avoid unnecessary surgery for asymptomatic coexisting lesions.

Concurrent cervical and lumbar spinal stenosis was first described by Teng, et al.[@B19] in 1965, and the prevalence of coexisting cervical and lumbar lesions were reported ranging from 0.12% to 5%.[@B5],[@B6],[@B8] LaBan, et al.[@B5] reported 0.12% of coexisting cervical and lumbar stenosis; however they used medical records for the study. Aydogan, et al.[@B6] reported that 3.2% of 230 patients who underwent surgery for spinal stenosis received both cervical and lumbar surgeries. In this study, WSST2I revealed a higher prevalence of MCSL than those from previous reports because we included not only the thoracic MCSL but also coexisting spine lesions that did not need surgical treatment but close observation. The surgical percentage of MCSL in our series is about 1.6% (5/306), which is similar to what has been previously reported. When considering that our surgical percentage means the rate of accompanying surgical lesions which were incidentally found at an exam, not identified by long-term follow up, 1.6% is not a low rate and has clinical significance to the patients. We assume that a long-term follow-up study for MCSL would show much higher surgical percentages compared to the pervious reports.

The prevalence of MCSL increased significantly in patients aged over 40 years compared with younger patients. Boden, et al.[@B20] reported that 57% of lumbar MR images from asymptomatic patients aged over 60 years showed disc herniation or spinal stenosis, whereas 35% of the patients between 20 and 39 years old had degeneration or bulging disc for at least one lumbar level. LaBan, et al.[@B5] reported that 94% of the patients with coexisting cervical and lumbar stenosis aged over 51 years. Ligament ossification diseases such OPLL or OLF showed significantly higher prevalence than among disc herniation or spinal stenosis. Park, et al.[@B21] reported a high prevalence of symptomatic thoracic ligament ossification in patients who underwent surgery for cervical OPLL (33.8%) and defined this phenomenon as tandem ossification. This high prevalence of MCSL associated with ligament ossification diseases may be because of its genetic effects on the whole spine and multiple occurrences of OPLL or OLF on different spinal columns. Some clinicians might think that WSST2I is not necessary for all patients with degenerative spinal diseases. We recommend WSST2I at least for elderly patients or patients with ligament ossification diseases.

In summary, degenerative spinal diseases showed high prevalence of MCSL, especially in old ages and ligament ossification diseases. WSST2I is useful for diagnosing coexisting spinal diseases and to avoid missing a significant cord-compressing lesion in degenerative spinal diseases.
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![Grading of coexisting spinal lesions on sagittal T2-weighted magnetic resonance images. Grade 0: no thecal sac compression (no coexisting lesion). Grade 1: minimal subarachnoid space compression. Grade 2: mild cord compression (thecal sac compression \< 50% in the lumbar area). Grade 3: moderate or cord signal change (thecal sac compression ≥ 50% in the lumbar area).](ymj-51-414-g001){#F1}

![The grades and prevalence of coexisting lesions found on whole spine sagittal T2-weighted images (WSST2I) in 362 patients. Overall prevalence of meaningful coexisting spine lesions (MCSL) (grades 2 and 3) diagnosed by WSST2I was 31.1%.](ymj-51-414-g002){#F2}

![The prevalence of meaningful coexisting spine lesions (MCSL) according to age, gender, and primary spine lesions. (A) The prevalence of MCSL was significantly increased in patients aged 40 years or older compared with younger patients (*p* = 0.004). (B) There was no significant difference in the prevalence of MCSL between male and female groups. (C) Ligament ossification diseases showed a significantly higher prevalence of MCSL compared with other degenerative groups such as disc herniation or degenerative stenosis (*p* = 0.036). DH, disc herniation; DS, degenerative stenosis; LO, ligament ossification disease. ^\*^indicates statistically significant difference.](ymj-51-414-g003){#F3}

![WSST2I of a 78-year-old man with leg pain shows a lumbar stenosis at L2-5 (lower arrow), a cervical stenosis compressing the spinal cord at C6-7 (upper arrow) and mild thoracic stenosis at T4-5 (middle arrow). Cervical and lumbar lesions were surgically treated. WSST2I, whole spine sagittal T2-weighted images.](ymj-51-414-g004){#F4}

![Lumbar magnetic resonance imaging (MRI) and whole spine sagittal T2-weighted images (WSST2I) of a 60-year-old man with left leg pain. (A) The preoperative lumbar MRI showed lumbar disc herniation at the L5-S1 level. (B) WSST2I showed no abnormal finding at the surgery site (lower arrow) but an intradural extramedullary tumor (upper arrow) compressing the spinal cord at C4-5. Symptoms improved after tumor removal.](ymj-51-414-g005){#F5}
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The Prevalence of the Meaningful Coexisting Spine Lesions (MCSL) on the Whole Spine Sagittal T2-Weighted Image (WSST2I) according to the Dedicated Area-Specific Magnetic Resonance Imaging (MRI)
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^\*^*p* = 0.012 (between thoracic MCSL of cervical and lumbar area-specific MRI).
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The Types and Prevalence of the Meaningful Coexisting Spine Lesions (MCSL)
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OPLL, ossification of posterior longitudinal ligament; OLF, ossified ligamentum flavum

^\*^prevalence means the percentage of MCSL to total 306 patients.
